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Abstract

Aims In 2010, Italian health professionals rapidly implemented the one-step screening for gestational diabetes mellitus
(GDM) based on a 75 g OGTT, to comply with the diagnostic criteria proposed by the International Association of Diabetes
and Pregnancy Study Groups (IADPSG). The change was promoted by the two main Italian scientific societies of diabetol-
ogy, Associazione Medici Diabetologi (AMD) and Societa Italiana di Diabetologia (SID), and it took just a few months
for the Istituto Superiore di Sanita, together with several scientific societies, to revise the criteria and include them in the
National Guidelines System. Over the last 9 years, the implementation of these guidelines has shown some benefits and
some drawbacks.

Methods In order to evaluate the critical issues arisen from the implementation of the current Italian guidelines for the
diagnosis of GDM, the studies published on this topic have been reviewed. The search was performed using the following
keywords: “gestational diabetes” AND “diagnostic criteria” OR screening AND Ital*. The study is an expert opinion paper,
based on the relevant scientific literature published between 2010 and 2019. The databases screened for the literature review
included PubMed, MEDLINE, and Scopus.

Results The implementation of the Guidelines for Screening and Diagnosis of GDM in Italy present some strengths and
some weaknesses. One of the positive aspects is that high-risk women are required to perform an OGTT early in pregnancy.
By contrast, there are several aspects in need of improvement: (1) In spite of the current indications, only a minority of high-
risk women perform OGTT early in pregnancy; (2) several low-risk women are screened for GDM; (3) in some low-risk
women affected by GDM, the diagnosis might be missed with the application of the current guidelines; (4) there is a lack of
homogeneity in the risk assessment data from different regions.

Conclusions In order to improve the current Italian GDM guidelines, some practical solutions have been suggested.

Keywords Gestational diabetes - Diagnostic criteria - Maternal outcomes - Fetal outcomes - Macrosomia - Non-
communicable diseases - Obesity prevention

Introduction

Gestational diabetes mellitus (GDM) is currently defined
as any degree of glucose tolerance that is first recognized
during pregnancy, mostly in the second or third trimester of
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gestation, and that is not clearly overt diabetes prior to ges-
tation [1]. GDM, if not adequately recognized and treated,
is associated with high maternal and fetal morbidity, with
possible impact throughout life. In fact, women with GDM
have an increased risk for developing type 2 diabetes (T2D),
metabolic syndrome, and cardiovascular disease (CVD).
Remarkably, the prevalence of the metabolic syndrome is
three times as high in women with prior GDM compared
to the control subjects [2—4]. In addition, women with prior
GDM are at an increased risk for fatty liver 9-16 years post-
partum [5]. For this reason, women diagnosed with GDM
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should receive lifelong screening for prediabetes, T2D,
and CVD. Furthermore, children of GDM women show an
increased risk of obesity, insulin resistance, and T2D over
their lifetime [6—8]. Also, more than 20% of offspring born
to mothers with GDM develop type 2 diabetes/prediabetes at
a young age. Compared with offspring from the background
population, the adjusted risks of type 2 diabetes/prediabe-
tes are eight- and fourfold increased, respectively [9, 10].
Considering the all-encompassing impact of maternal and
offspring health, a timely diagnosis and appropriate man-
agement of GDM to prevent pregnancy complications and
allow for post-pregnancy interventions and follow-up must
be taken into account by all stakeholders involved.

This study is an expert opinion paper, based on the rel-
evant scientific literature published between 2010 and 2019.
The research provides a summary of the “real-world” experi-
ence of implementing the IASPSG criteria [11] for diagno-
sis in Italy—albeit with a selective screening approach. An
electronic search strategy was used to identify peer-reviewed
articles evaluating the diagnostic criteria for GDM in Italy
between 2010 and 2019. The search was performed using
the following keywords: “gestational diabetes” AND “diag-
nostic criteria” OR screening AND Ital*. The databases
screened for the literature review included PubMed, MED-
LINE, and Scopus.

The papers were eligible if they were original studies
conducted in Italy but published in English, concerning the
implementation of IADPSG diagnostic criteria to detect
GDM.

Studies not aimed to evaluate diagnostic criteria for GDM
in Italy and/or its implementation were excluded. We also
excluded letters to editors, books, books chapters, meta-
analyses, reviews, and conference papers. Nine articles were
identified as relevant and eligible for the final qualitative
synthesis (Table 1).

Frequency of GDM

GDM is a highly prevalent complication of pregnancy,
with considerable variability in different ethnic groups and
screening policies. It is noteworthy that the epidemiology of
GDM reflects the prevalence of impaired glucose tolerance
(IGT), obesity, and T2D [12].

Several studies conducted in Italy have shown a preva-
lence of GDM between 3 and 10.8% [13, 14]. However, in a
multicenter study conducted in Tuscany in which 2750 preg-
nant women underwent universal screening, the prevalence
of GDM was 6.3% and that of impaired tolerance was 6.1%.
Therefore, over 12% of the women studied presented some
abnormalities of glucose metabolism during pregnancy
[14]. The different frequency of GDM in Italian studies may
be related to the timing of the screening: interestingly in
some studies, the screening was performed also in the third
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trimester. Worldwide GDM prevalence has been reported to
vary between 1 and 28%; the International Diabetes Federa-
tion (IDF) estimates that out of six live births (16.8%), one
is from women affected by some form of hyperglycemia in
pregnancy; the minority (16%) of these is due to diabetes in
pregnancy, while the majority (84%) is related to GDM [15].

Different diagnostic criteria

“Hyperglycemia in pregnancy,” defined as a “maternal
hyperglycemia less severe than diabetes mellitus,” is asso-
ciated with increased risks of adverse pregnancy outcomes
[14] and carries risks for both mothers and newborns. In
this context, the Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) study, a large-scale multinational cohort
study completed by more than 23,000 pregnant women, has
shown that the risk of adverse maternal, fetal, and neonatal
outcomes continuously increases as a function of maternal
glycemia at 24-28 weeks of gestation, even within glucose
ranges previously considered normal for pregnancy [16].

Different diagnostic criteria may lead to identifying dif-
ferent degrees of maternal hyperglycemia and maternal/fetal
risk, prompting some experts to debate, and disagree upon,
the optimal strategies for the diagnosis of GDM. Prior to the
HAPO study, mainly two approaches were in use: the two-
step approach (glucose challenge test with 50 g, followed
if needed by a 100 g OGTT) interpreted according to the
criteria proposed by O’Sullivan in 1964 and later modified
by Carpenter and Coustan [17]; and the one-step approach
(75 g OGTT) interpreted through the criteria suggested by
WHO in 1985 [18]. Interestingly, the 100 g OGTT has been
used also by the one-step approach, interpreted according
to the Carpenter and Coustan criteria [17] and accepted by
the National Diabetes Data Group, the American Diabetes
Association (ADA), and the American College of Obstetri-
cians and Gynecologists (ACOG), as well as in Italy.

On the basis of the results of the HAPO study, in 2010,
IADPSG recommended universal screening for GDM using
a one-step procedure (75 g OGTT at 24-28 weeks of gesta-
tion) and defined as diagnostic cut points for GDM a fast-
ing plasma glucose value of 5.1 mmol/L (92 mg/dl), 1-h
(10 mmol/L, 180 mg/dl), and 2-h PG (8.5 mmol/L, 153 mg/
dl) during OGTT, specifying that one abnormal value is
enough to diagnose GDM [19].

Although which test should be used for GDM diagnosis
is still a matter of debate, mainly for the significant increase
in the frequency of GDM [20], the concept of a screen-
ing extended to the entire population of pregnant women
has been accepted by ADA, AACE, and by the Endocrine
Society (ENDO). Furthermore, these criteria have been
adopted by the main international scientific organizations:
IDF, WHO, and, finally, the International Federation of
Gynecology and Obstetrics (FIGO) [15]. In particular, in
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Table 1 Studies focusing on GDM Screening and Diagnosis Italian guidelines included in the research

Study Study design Number of participants Geographical location Key outcomes

Bianchi et al. [26]  Retrospective population study 1338 Pisa, Tuscany, Central Italy Poor application of national
guidelines on screening of
GDM with early screening,
which is performed only in
50% of high-risk women.
Diagnosis of GDM in 22% of
low-risk women suggests the
need to consider additional
risk factors

Capula et al. [29] Retrospective population study 2448 Catanzaro, Calabria, Southern Italian recommendations failed
Italy to identify 7.0% of women
with GDM, when compared
to universal screening

Pintaudi et al. [32]  Retrospective study 1015 Messina, Sicily, Southern Italy The application of selective
screening would miss 23%
diagnosis of GDM in the
women without risk factors.
FPG value >5.1 mmol/l and
prepregnancy overweight
are the two factors associ-
ated with the highest risk of
developing GDM

Capula et al. [30] Retrospective population study 3974 Catanzaro, Calabria, Southern GDM diagnosis was performed

Italy in 26% low-risk women sug-
gesting a need for reconsider-
ing risk stratification. Early
screening was performed in
only 38% of high-risk women.
Capula’s index has been pro-
posed to improve accuracy of
selective screening for GDM.

Corrado et al. [33]  Retrospective study 1015 Messina, Sicily, Southern Italy The application of selective
screening would miss 23%
diagnosis of GDM. Prepreg-
nancy BMI and nulliparity are
predictors of GDM in women
without risk factors.

Di Cianni et al. [36] Population study 23,270 Tuscany, Central Italy Poor application of national
guidelines on screening
of GDM; 40% of low-risk
women being screened even if
unnecessary. Among women
not eligible for screening,
GDM rate is relatively high
(7%), supporting the need
of universal screening to
adequately detect all GDM
cases.

Lacaria et al. [34] Retrospective population study 2552 Tuscany, Central Italy Poor application of national
guidelines on screening of
GDM with only a minority
of high-risk women perform-
ing screening test early in
pregnancy.
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Table 1 (continued)

Study Study design

Number of participants Geographical location

Key outcomes

Bianchi et al. [35]  Retrospective population study 290

Pintaudi et al. [45]  National survey

122 diabetes centers

Pisa, Tuscany, Central Italy Early screening was performed
in 50% of high-risk women.
Both groups showed similar
short-term maternal—fetal
outcomes. Women with
early diagnosis were more
frequently treated with insulin
and had a better glycemic
control than women with late
screening;

Italy Good level of reception of the
current national recommenda-
tions, especially on selective
screening in women at high
risk for GDM; however,
one-third of the diabetologists
considered an FPG > 92 mg/
dL sufficient for the diagnosis
of GDM, without the need to
perform an OGTT

a comprehensive document, FIGO emphasizes the concept
of “universal healthcare” for all women, addressing the
problem of GDM diagnosis and treatment, and suggesting
practical solutions for the management of hyperglycemia in
pregnancy, even in low-income countries.

Recently, the results of the HAPO Follow-up Study,
which has re-evaluated a group of about 5000 mothers
enrolled during the HAPO Study [6, 7, 16] and their children
10-14 years after birth, have been published. It is notewor-
thy that GDM women diagnosed with the ITADPSG criteria
were at a high risk for glucose metabolism disorders after
pregnancy; also, their children showed a high frequency of
obesity as well as impaired waist circumference, due to both
skinfolds and body fat percentage [2—4, 6, 7]. These data
strongly suggest the adoption of TADPSG recommendations
to diagnose GDM.

Italian guidelines

After the release of a national consensus paper on GDM diag-
nosis in 2010, the joint Diabetes and Pregnancy Study Group
of AMD-SID promoted the adoption of IADPSG indications
in Italy. Also, the Istituto Superiore di Sanita (ISS) acknowl-
edged that the implementation of the new recommendations
to diagnose GDM could result in a significantly higher fre-
quency of detection of this condition. ISS therefore coordi-
nated a panel of Italian experts in order to develop new rec-
ommendations which would take into account the results of
the HAPO study and other existing scientific evidence. The
document, published as national guidelines, includes most of
IADPSG recommendations, as well as the position that had
been taken by the most prestigious international organizations.
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A 75 g OGTT must be offered also when FPG is diagnostic
(=5.1 mmol/L, 92 mg/dl) and can help define the glycemic
patterns and the appropriate approach. Howeyver, it limited the
scope of the screening to women at risk of GDM rather than
endorsing universal screening [21].

Although less expensive in principle, this approach has
a low positive predictive value for detecting GDM and may
miss up 45% of GDM cases [22]; this, however, does not
seem to have significant consequences in the case of the
Italian guidelines, given the fact that the risk factors on
which screening is based [obesity, prior infant with mac-
rosomia, prior GDM, first-degree relative with diabetes,
age > 35 years, high-risk race/ethnicity, and first-trimester
FPG between 5.5 and 6.9 mmo/L (100-125 mg/dl)] are
very common and, therefore, may possibly result in the
enrollment of the vast majority of pregnant women. On the
other hand, a selective screening approach could help focus
medical resources on women with the highest risk of mater-
nal and neonatal complications, mostly those with obesity
[23-26].

Recently, the AMD-SID pregnancy study groups
reviewed the recommended clinical practice for the screen-
ing and treatment of GDM, with the aim of improving the
health of women and their children [27].

Critical issues with the Italian guidelines

Universal or selective screening strategy?

The selective screening approach recommended by
the Italian guidelines appears not to be very sensitive,
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especially among low-risk women. Some evidence has
shown that 22-26% of low-risk women were screened for
GDM. In addition, within this group, the prevalence of
GDM is high (7-31.8%) with a wide range recorded in
studies conducted in several Italian regions. These data
suggest a need for reconsidering risk stratification [26,
28-30]. However, the ATLANTIC DIP, a retrospective
study designed to examine predictors of GDM, showed
that the prevalence of GDM among women with no risk
factors ranged from 2.7 to 5.4%; significantly, women
diagnosed with GDM, but without any risk factors, had
worse pregnancy outcomes than women with normal glu-
cose tolerance (NGT) [31]. These results highlight the
usefulness of universal screening, emphasizing the need
not to miss any GDM case, because in low-risk women
with GDM, neonatal outcomes do not differ from those
observed in medium- and high-risk women with GDM
[31].

An Italian retrospective study, in which universal
screening was adopted, showed that the prevalence of
GDM in women who would be considered “low risk”
according to the selective approach recommended by the
Italian guidelines, amounted to 31.8%. This implies that
a high number of GDM diagnoses may be missed when
implementing the selective approach [29].

Similar data can be observed in a retrospective study
conducted in France, which showed that selective screen-
ing was able to identify both women with a higher risk of
GDM and women with more GDM-related events; how-
ever, the diagnosis of GDM was missed in almost 35% of
women without risk factors [23].

A recent survey conducted throughout Sicily, in the
South of Italy, suggested that selective screening based
on known risk factors does not identify 23% of GDM cases
[32].

This is in line with a series of studies that have shown
that there is no adequate compliance to the selective
screening for GDM based on risk factors, with only 50%
of high-risk women being screened at 16—18 gestational
weeks [26, 33-35]. Furthermore, high-risk women with
a negative screening at 16—18 weeks of gestation are not
tested again at 24-28 weeks, as they should be, accord-
ing to the Italian guidelines. Moreover, among women
not eligible for screening, the GDM rate is relatively
high (7%), as well as high is the use of insulin treatment
(26%), supporting the need of universal glucose screen-
ing to adequately detect all GDM cases [36]. Recent evi-
dence showed that selective screening was not predic-
tive of GDM among women of different ethnicity, such
as India—Pakistan—Sri Lanka and Asia, supporting once
more the need for universal screening, in a country like
Italy, where 19.7% of 2016 newborns were offsprings of
immigrant mothers [37].

Diagnosis of GDM early in pregnancy

Another significant critical point of the Italian guidelines is
that they do not address how to diagnose GDM in very early
pregnancy (< 16 weeks gestation), a topic which is strongly
debated within the scientific societies and among experts.

Several national and international guidelines have
addressed the importance of early diagnosis in pregnant
women that may have previously undiagnosed T2D (overt
diabetes); in fact, in recent years the age of T2D onset has
progressively decreased, while the age of conception has
progressively increased. In particular, first-trimester screen-
ing for preexisting DM in high-risk women through FPG,
OGTT, or hemoglobin Alc has been recommended by sev-
eral scientific organizations [1, 11, 15, 22] to detect precon-
ceptional glucose metabolism abnormalities.

However, a point of debate is the appropriate cutoff value
to make the diagnosis of GDM early in pregnancy. In the
IADPSG guidelines, FPG values >5.1-<6.9 mmol/L at the
first prenatal visit are diagnostic of GDM. These param-
eters have been extrapolated from the cutoff figures used to
diagnose GDM later in pregnancy. In fact, it is well known
that there is a physiological drop in FPG early in normal
pregnancy and that there is a strong correlation between
hyperglycemia at the beginning of pregnancy—even within
the range of non-diagnostic glycemic levels for diabetes—
and an increased risk of adverse outcomes [38]. Indeed,
evidence suggests that 60-80% of the pregnant women with
FPG> 110 mg (6.10 mmol/L) early in pregnancy are quite
likely to progress to GDM if there is no intervention [26, 39,
40]. Also, in the HAPO study, an FPG > 5 mmol/L (90 mg/
dl) during the first trimester was associated with GDM
development, increased risk of LGA offspring, and primary
cesarean delivery [16].

There is evidence that the screening for GDM during the
first trimester, and the subsequent treatment of hypergly-
cemia to a greater extent with insulin therapy in women at
high risk for GDM, is associated with offsprings of appro-
priate gestational age, similarly to what observed in women
with NGT and, as shown in a recent retrospective study
conducted in Tuscany, with paradoxical lower prevalence
of macrosomia, small as well as large for gestational age
[36, 41]. Furthermore, early screening could prevent some
diabetes-related complications in women with GDM [42].

Moreover, GDM risk factors in early pregnancy are dif-
ferent from those of other pregnancy periods, as shown by
a recent analysis from the DALI study, which identifies a
previous abnormal glucose tolerance, previous gestational
diabetes mellitus, neck circumference, and resting heart rate
as clinical factors independently associated with GDM and
overt diabetes [43].

Therefore, evidence shows that it is important to meas-
ure FPG during the first trimester and to identify high-risk
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women in order to start early intervention and possibly
reduce later development of GDM and the associated adverse
pregnancy outcomes [40].

On the other hand, it has been documented that there is
no complete correspondence between FPG> 5.1 mmol/L
(92 mg/dL) at the first trimester and the results of the OGTT
performed in the third trimester, even if FPG> 5.1 mmol/L
(92 mg/dL) should be considered a strong predictor of the
development of GDM [40, 44].

Indeed, according to the Italian guidelines, women with
FPG values between 100 and 125 mg/dl (5.6-6.9 mmol/L)
early in pregnancy are considered at high risk of GDM,
so they must be screened at the 16th gestational week. A
national survey promoted in 2013 by the Italian Diabetes
in Pregnancy Study Group showed there is a good level of
reception of the current national recommendations, docu-
menting that most diabetologists applied selective screen-
ing and 84% prescribed OGTT at 16-18 weeks of gestation
in women at high risk for GDM; however, one-third of the
diabetologists considered an FPG > 5.1 mmol/L (92 mg/dL)
sufficient for the diagnosis of GDM, without the need to
perform an OGTT [45].

Heterogeneity of GDM

Recent studies have shown that some unconventional risk
factors, such as the assisted reproductive technology (ART),
are strong predictors of the development of GDM [46, 47].
Although obesity and overweight are known as the major
risk factors for GDM, several studies have reported that
genetic and autoimmune features add to this risk. Indeed,
10% of women with GDM have specific autoantibody
against beta cells and fewer features of insulin resistance,
requiring more often insulin therapy during pregnancy
than women without autoantibodies [48]. These women
may develop type 1 diabetes during or after pregnancy, or
they may develop latent autoimmune diabetes of adulthood
(LADA), often several years after pregnancy. For this rea-
son, GDM-affected women presenting autoimmune features,
such as young age, a low BMI, an early diagnosis of GDM,
and an early need for insulin therapy to control hyperglyce-
mia, should be screened for specific beta cell autoimmun-
ity during and after pregnancy, so as to avoid maternal and
fetal complications of type 1 diabetes during pregnancy, or
its acute onset at a later time [49]. Moreover, many studies
reported a high prevalence of GDM in non-obese women
without autoimmune features, suggesting that GDM is a het-
erogeneous disease with a genotypic and phenotypic diver-
sity that also includes patients progressing toward LADA or
type 1 diabetes, as well as patients affected by MODY [50,
51]. The diagnosis of MODY in pregnancy is essential, due
to the fact that the management of this condition is differ-
ent from the management of other forms of GDM. MODY
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is a rare familiar form of autosomal dominant diabetes by
genetic mutations resulting in B-cells dysfunction. At least
thirteen subtypes of MODY have been identified, featuring
different phenotypes and ages of onset; the prevalence of
MODY amounts to roughly 1-2% of patients with diabetes,
probably underestimated. In GDM the prevalence of MODY
can be up to 6% [52-55].

Such evidence suggests the need for universal screening,
which could identify GDM in women who are not presenting
features of insulin resistance.

Universal versus selective screening: healthcare cost

In the debate on universal screening, a major problem is rep-
resented by healthcare costs. With the adoption of universal
screening, the anticipated increase in the incidence of GDM
would have a substantial impact on healthcare costs.

A cost analysis of GDM screening strategies was con-
ducted in the USA to determine whether adopting the
TIADPSG criteria would be cost-effective, compared with
the current standard of care. The research compared three
strategies to identify GDM: (1) no screening; (2) current
screening practice (1-h 50-g glucose challenge test between
24 and 28 weeks followed by 3-h 100-g glucose tolerance
test when indicated); or (3) screening practice proposed by
IADPSG. The results showed that although there are poten-
tial perinatal advantages associated with the IADPSG guide-
lines, they do not outweigh the costs related to the increase
in the number of detected GDM cases. This analysis proves
that the IADPSG approach to GDM screening and diagnosis
is cost-effective compared with selective screening, when a
GDM diagnosis provides an opportunity for early and inten-
sive intervention and prevention [56].

Universal screening could therefore increase the costs
initially, because the patients at risk will require more visits
for their lifestyle changes and frequent screening to moni-
tor their progression to diabetes; however, by identifying
these patients, there will be long-term cost savings. Several
studies, including those of the Diabetes Prevention Program
Research Group, have shown that intense lifestyle modifica-
tion can effectively reduce the incidence of future diabetes
by as much as 50% in women previously diagnosed with
GDM [57].

However, selective screening will inevitably miss women
with GDM, and women with undiagnosed GDM will have
both maternal and fetal complications.

Conclusions and recommendations

In Italy, the implementation of the current Guidelines for
Screening and Diagnosis of Gestational Diabetes presents
some critical issues: (1) Unfortunately, in spite of the current
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indications, just a minority of high-risk women perform
OGTT early in pregnancy; (2) low-risk women are screened
for GDM, in contrast to the current guidelines; (3) the imple-
mentation of the current guidelines misses out on the diag-
nosis of some GDM-affected women, who are considered
at low risk; (4) there is a lack of homogeneity in the risk
assessment data from different regions.

How can we address these issues?

High-risk women. In agreement with the current guidelines,
we highlight the need for high-risk women to perform an
OGTT early in pregnancy (between 16 and 18 gestational
weeks); if the results are within range, they should be re-
evaluated between 24 and 28 gestational weeks.

Fasting plasma glucose. It is known that there is a strong
correlation between early pregnancy hyperglycemia and an
increased risk of adverse outcomes, even within the range
of glucose levels non-diagnostic for diabetes. Therefore,
patients with FPG values between 5.1 and 6.9 mmol/L (100
and 125 mg/dl) early in pregnancy should undergo OGTT
at the 16th gestational week. Studies are warranted to verify
the possible impact of proper counseling (diet and physical
activity) in terms of reduction in the frequency of GDM in
these women.

Universal screening, as shown by several studies, could
enable us to make a diagnosis also in low-risk women that
can develop GDM and also detect patients showing uncon-
ventional risk factors, such as ART. This universal screen-
ing, which would include OGTT at 24-28 weeks of gestation
in all pregnant women, will enable to detect all GDM cases,
including autoimmune GDM, which characterizes women
at high risk of progression toward LADA or type 1 diabetes.

“Awareness campaigns” targeted to the general popula-
tion are needed. In addition, all stakeholders involved (Min-
istry of Health, scientific societies, diabetologists, general
practitioners, obstetricians) should coordinate to perform
specific tasks, according to their specific mission [58].

Author contributions EV researched data, contributed to discussion
and wrote the manuscript. ES researched data and wrote the manu-
script. AL reviewed the manuscript and contributed to the discussion.
MS reviewed and edited the manuscript. GS, MB, DM, FP, GDC, ET,
AN, CL, AT, CF, and ADB have reviewed critically the manuscript.
All authors were involved in critical revision and approved the final
version of the manuscript before submission.

Compliance with ethical standards

Conflict of interest No potential conflicts of interest relevant to this
article were reported.

Statement of human and animal rights All procedures performed in
studies involving human participants were in accordance with the ethi-

cal standards of the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Informed consent For this type of study, formal consent is not required.

References

1. American Diabetes Association (2019) Classification and diag-
nosis of diabetes: standards of medical care in diabetes—2019.
Diabetes Care 42:S13-S28

2. Noctor E, Crowe C, Carmody LA et al (2016) Abnormal glu-
cose tolerance post-gestational diabetes mellitus as defined by
the International Association of Diabetes and Pregnancy Study
Groups criteria. Eur J Endocrinol 175:287-297

3. Kim C, Newton KM, Knopp RH (2002) Gestational diabetes and
the incidence of type 2 diabetes: a systematic review. Diabetes
Care 25:1862-1868

4. Lauenborg J, Mathiesen E, Hansen T et al (2005) The prevalence
of the metabolic syndrome in a Danish population of women with
previous gestational diabetes mellitus is three-fold higher than in
the general population. J Clin Endocrinol Metab 90:4004-4010

5. Donnelly SR, Hinkle SN, Rawal S et al (2019) A prospective
study of gestational diabetes and fatty liver scores 9-16 years after
pregnancy. J Diabetes. https://doi.org/10.1111/1753-0407.12934

6. Lowe WL Jr, Scholtens DM, Lowe LP et al (2018) Association of
gestational diabetes with maternal disorders of glucose metabo-
lism and childhood adiposity. JAMA 320:1005-1016

7. Scholtens DM, Kuang A, Lowe LP et al (2019) Hyperglycemia
and Adverse Pregnancy Outcome Follow-up Study (HAPO FUS):
maternal glycemia and childhood glucose metabolism. Diabetes
Care 42:381-392

8. Lowe WL, Lowe LP, Kuang A et al (2019) Maternal glucose levels
during pregnancy and childhood adiposity in the Hyperglycemia
and Adverse Pregnancy Outcome Follow-up Study. Diabetologia
62:598-610

9. Clausen TD, Mathiesen ER, Hansen T et al (2008) High preva-
lence of type 2 diabetes and pre-diabetes in adult offspring of
women with gestational diabetes mellitus or type 1 diabetes: the
role of intrauterine hyperglycemia. Diabetes Care 31:340-346

10. Franzago M, Fraticelli F, Stuppia L, Vitacolonna E (2019) Nutri-
genetics, epigenetics and gestational diabetes: consequences in
mother and child. Epigenetics 14:215-235

11. International Association of Diabetes and Pregnancy Study
Groups Consensus Panel, Metzger BE, Gabbe SG, Persson B et al
(2010) International Association of Diabetes and Pregnancy Study
Groups Recommendations on the diagnosis and classification of
hyperglycemia in pregnancy. Diabetes Care 33:676—-682

12. Lapolla A, Mazzon S, Marini S, Burattin G, Grella P, Fedele D
(1995) A screening programme for gestational diabetes in a north
Mediterranean area. Diab Nutr Metab 8:33

13. Di Cianni G, Maselli L, Orsini P et al (1998) Screening of gesta-
tional diabetes in Italy. Diabetes 47:A442

14. Blumer I, Hadar E, Hadden DR et al (2013) Diabetes and preg-
nancy: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 98:4227-4249

15. Hod M, Kapur A, Sacks DA et al (2015) The International Fed-
eration of Gynecology and Obstetrics (FIGO) Initiative on gesta-
tional diabetes mellitus: a pragmatic guide for diagnosis, manage-
ment, and care. Int J Gynaecol Obstet 131(Suppl 3):S173-S211

16. Metzger BE, Lowe LP, Dyer AR et al (2008) Hyperglycemia and
adverse pregnancy outcomes. N Engl J Med 358:1991-2002

@ Springer


https://doi.org/10.1111/1753-0407.12934

1166

Acta Diabetologica (2019) 56:1159-1167

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Carpenter MW, Coustan DR (1982) Criteria for screening tests
for gestational diabetes. Am J Obstet Gynecol 144:768-773

. National Diabetes Data Group (1979) Classification and diagno-

sis of diabetes mellitus and other categories of glucose intoler-
ance. Diabetes 28:1039-1057

Agarwal MM, Dhatt GS, Shah SM (2010) Gestational diabetes
mellitus: simplifying the international association of diabetes
and pregnancy diagnostic algorithm using fasting plasma glu-
cose. Diabetes Care 33:2018-2020

Lapolla A, Metzger BE (2018) The post-HAPO situation with
gestational diabetes: the bright and dark sides. Acta Diabetol
55:885-892

Hiéronimus S, Le Meaux JP (2010) Relevance of gestational
diabetes mellitus screening and comparison of selective with
universal strategies. Diabetes Metab 36:575-586

Linea-guida Gravidanza fisiologica. 2011 update. Diagnosi del
diabete gestazionale, vol 13, pp 169-173. www.salute.gov.it/
imgs/C_17_pubblicazioni_1436_allegato.pdf

Cosson E, Benbara A, Pharisien I et al (2013) Diagnostic and
prognostic performances over 9 years of a selective screening
strategy for gestational diabetes mellitus in a cohort of 18,775
subjects. Diabetes Care 36:598-603

Egan AM, Vellinga A, Harreiter J et al (2017) Epidemiology of
gestational diabetes mellitus according to IADPSG/WHO 2013
criteria among obese pregnant women in Europe. Diabetologia
60:1913-1921

Pintaudi B, Fresa R, Dalfra M et al (2018) The risk stratifica-
tion of adverse neonatal outcomes in women with gestational
diabetes (STRONG) study. Acta Diabetol 55(12):1261-1273
Bianchi C, De Gennaro G, Romano M et al (2017) Italian
national guidelines for the screening of gestational diabe-
tes: time for a critical appraisal? Nutr Metab Cardiovasc Dis
27:717-722

Vitacolonna E, Lencioni C, Festa C et al (2017) The FIGO
document: an opportunity for the management of hyperglyce-
mia in pregnancy. Comment by the “Diabetes and pregnancy”
AMD-SID Study Group. G It Diabetol Metab 37:7-11
Catalano PM, MclIntyre HD, Cruickshank JK et al (2012) HAPO
Study Cooperative Research Group. The hyperglycemia and
adverse pregnancy outcome study: associations of GDM and
obesity with pregnancy outcomes. Diabetes Care 35:780-786
Capula C, Chiefari E, Vero A et al (2013) Gestational diabetes
mellitus: screening and outcomes in southern italian pregnant
women. ISRN Endocrinol 5(2013):387495

Capula C, Chiefari E, Borelli M et al (2016) A new predictive
tool for the early risk assessment of gestational diabetes mel-
litus. Primary Care Diabetes 10:315-323

Avalos GE, Owens LA, Dunne F, Atlantic DIP Collaborators
(2013) Applying current screening tools for gestational diabetes
mellitus to a European population: is it time for change? Diabe-
tes Care 36:3040-3044

Pintaudi B, Di Vieste G, Corrado F et al (2014) Improvement of
selective screening strategy for gestational diabetes through a
more accurate definition of high-risk groups. Eur J Endocrinol
170:87-93

Corrado F, Pintaudi B, Di Veste G et al (2014) Italian risk
factor-based screening for gestational diabetes. J] Matern Fetal
Neonatal Med 27:1445-1448

Lacaria E, Lencioni C, Russo L et al (2015) Selective screen-
ing for GDM in Italy: application and effectiveness of National
Guidelines. ] Matern Fetal Neonatal Med 28:1842-1844
Bianchi C, De Gennaro G, Romano M et al (2019) Early vs.
standard screening and treatment of gestational diabetes in high-
risk women—an attempt to determine relative advantages and
disadvantages. Nutr Metab Cardiovasc Dis 29:598-603

@ Springer

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Di Cianni G, Gualdani E, Berni C et al (2017) Screening for ges-
tational diabetes in Tuscany, Italy. A population study. Diabetes
Res Clin Pract 132:149-156

Cosson E, Cussac-Pillegand C, Benbara A et al (2014) The
diagnostic and prognostic performance of a selective screening
strategy for gestational diabetes mellitus according to ethnicity
in Europe. J Clin Endocrinol Metab 99:996-1005
Riskin-Mashiah S, Younes G, Damti A, Auslender R (2009) First-
trimester fasting hyperglycemia and adverse pregnancy outcomes.
Diabetes Care 32:1639-1643

Zhu WW, Yang HX, Wei YM et al (2013) Evaluation of the value
of fasting plasma glucose in the first prenatal visit to diagnose
gestational diabetes mellitus in China. Diabetes Care 36:586-590
Harrison CL, Lombard CB, East C, Boyle J, Teede HJ (2015)
Risk stratification in early pregnancy for women at increased risk
of gestational diabetes. Diabetes Res Clin Pract 107:61-68
Seshiah V, Cynthia A, Balaji V et al (2008) Detection and care
of women with gestational diabetes mellitus from early weeks of
pregnancy results in birth weight of newborn babies appropriate
for gestational age. Diabetes Res Clin Pract 80:199-202

Bartha JL, Martinez-Del Fresno P, Comino-Delgado R (2003)
Early diagnosis of gestational diabetes mellitus and prevention of
diabetes-related complications. Eur J Obstet Gynecol Reprod Biol
109:41-44

Mendoza LC, Harreiter J, Simmons D et al (2018) Risk factors for
hyperglycemia in pregnancy in the DALI study differ by period of
pregnancy and OGTT time point. Eur J Endocrinol 179:39-49
Corrado F, D’Anna R, Cannata ML, Interdonato ML, Pintaudi B,
Di Benedetto A (2012) Correspondence between first-trimester
fasting glycaemia, and oral glucose tolerance test in gestational
diabetes diagnosis. Diabetes Metab 38:458—461

Pintaudi B, Fresa R, Dalfra M et al (2016) Level of implementa-
tion of guidelines on screening and diagnosis of gestational dia-
betes: a national survey. Diabetes Res Cin Pract 113:48-52
Kakoly NS, Earnest A, Moran LJ, Teede HJ, Joham AE (2017)
Group-based developmental BMI trajectories, polycystic ovary
syndrome, and gestational diabetes: a community-based longitu-
dinal study gestational diabetes: a community-based longitudinal
study. BMC Med 6(15):195

Ashrafi M, Gosili R, Hosseini R, Arabipoor A, Ahmadi J, Cherazi
M (2014) Risk of gestational diabetes mellitus in patients under-
going assisted reproductive techniques. Eur J Obstet Gynecol
Reprod Biol 176:149-152

Bo S, Menato G, Pinach S et al (2003) Clinical characteristics and
outcome of pregnancy in women with gestational hyperglycaemia
with and without antibodies to beta-cell antigens. Diabet Med
20:64-68

Lapolla A, Dalfra MG, Fedele D (2009) Diabetes related autoim-
munity in gestational diabetes mellitus: is it important? Nutr Met
Cardiovasc Dis 19:674-682

Huvinen E, Eriksson JG, Koivusalo SB et al (2018) Heterogeneity
of gestational diabetes (GDM) and long-term risk of diabetes and
metabolic syndrome: findings from the RADIEL study follow-up.
Acta Diabetol 55:493-501

Franzago M, Fraticelli F, Marchetti D et al (2018) Nutrigenetic
variants and cardio-metabolic risk in women with or without ges-
tational diabetes. Diabetes Res Clin Pract 137:64-71

Gjesing AP, Rui G, Lauenborg J et al (2017) High prevalence
of diabetes-predisposing variants in MODY genes among Dan-
ish women with gestational diabetes mellitus. J. Endocr. Soc.
1:681-690

Chakera AJ, Spyer G, Vincent N, Ellard S, Hattersley AT, Dunne
FP (2014) The 0.1% of the population with glucokinase mono-
genic diabetes can be recognized by clinical characteristics in
pregnancy: the Atlantic diabetes in pregnancy cohort. Diabetes
Care 37:1230-1236


http://www.salute.gov.it/imgs/C_17_pubblicazioni_1436_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1436_allegato.pdf

Acta Diabetologica (2019) 56:1159-1167

1167

54.

55.

56.

57.

Bitterman O, Iafusco D, Torcia F, Tinto N, Napoli A (2016) A
dizygotic twin pregnancy in a MODY 3-affected woman. Acta
Diabetol 53:849-852

Bitterman O, Tinto N, Franzese A et al (2018) Glucokinase deficit
and birthweight: does maternal hyperglycemia always meet fetal
needs? Acta Diabetol 55:1247-1250

Werner EF, Pettker CM, Zuckerwise L et al (2012) Screening
for gestational diabetes mellitus: are the criteria proposed by the
International Association of the Diabetes and Pregnancy Study
Groups cost-effective? Diabetes Care 35:529-535

Ratner RE, Christophi CA, Matzger BE et al (2008) Diabetes
Prevention Program Research Group. Prevention of diabetes in

Affiliations

Ester Vitacolonna
Graziano Di Cianni’?2 . Antonino Di Benedetto'?? - Angela Napoli'*'° . Andrea Tumminia
Cristina Lencioni'*'2. Elisabetta Torlone'%'3 . Giorgio Sesti*'* - Domenico Mannino'%'>'%. Francesco Purrello

1,2,3

Diabetes and Pregnancy Study Group, Italian Society
of Diabetology (SID), Rome, Italy

Diabetes and Pregnancy Study Group, Italian Association
of Diabetologists (AMD), Rome, Italy

Department of Medicine and Aging, School of Medicine
and Health Sciences, “G. d’Annunzio” University,
Chieti-Pescara, Chieti, Italy

Department of Medical and Surgical Sciences, University
Magna Graecia of Catanzaro, Catanzaro, Italy

Department of Medicine, Diabetology and Dietetics Unit,
Padova University, Padua, Italy

Division of Immunology, Transplantation and Infectious
Diseases, Diabetes Research Institute (DRI), IRCCS San
Raffaele Scientific Institute, Milan, Italy

SSD Diabetology, Ca’Granda Niguarda Hospital, Milan, Italy

Diabetes and Metabolic Diseases Unit, Health Local Unit
Nord-West Tuscany, Livorno Hospital, Leghorn, Italy

58.

women with a history of gestational diabetes: effects of metformin
and lifestyle interventions. J Clin Endocrinol Metab 93:4774-4779
Sadikot S, Purandare CN, Cho NH, Hod M (2018) FIGO-IDF
joint statement and declaration on hyperglycemia in pregnancy.
Diabetes Res Clin Pract 145:1-4

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Elena Succurro'?* . Annunziata Lapolla’?> - Marina Scavini'>® . Matteo Bonomo'?7 .

1,2,11 1,2,10 |

11,17

- Camilla Festa

Department of Clinical and Experimental Medicine,
University Hospital of Messina, Messina, Italy

Department of Experimental Medicine, Faculty of Medicine
and Dentistry, Sapienza University, Rome, Italy

Department of Clinical and Experimental Medicine,
University of Catania, Catania, Italy

Diabetes Unit, Usl Nord Ovest Tuscany, Lucca, Italy

Internal Medicine, Endocrinology and Metabolism, S. Maria
della Misericordia Hospital, Perugia, Italy

Italian Diabetes and Research Foundation, Italian Society
of Diabetology (SID), Rome, Italy

Section of Endocrinology and Diabetes, Bianchi Melacrino
Morelli Hospital, Reggio Calabria, Italy

Italian Association of Diabetologists (AMD), Rome, Italy

Italian Society of Diabetology (SID), Rome, Italy

@ Springer


http://orcid.org/0000-0003-1756-661X

	Guidelines for the screening and diagnosis of gestational diabetes in Italy from 2010 to 2019: critical issues and the potential for improvement
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Frequency of GDM
	Different diagnostic criteria
	Italian guidelines

	Critical issues with the Italian guidelines
	Universal or selective screening strategy?
	Diagnosis of GDM early in pregnancy
	Heterogeneity of GDM
	Universal versus selective screening: healthcare cost

	Conclusions and recommendations
	How can we address these issues?

	References




